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Abstract 

Background: Countries are currently progressing towards the elimination of new paediatric HIV infections by 2015. WHO 
published new consolidated guidelines in June 2013, which now reconnmend either 'Antiretroviral drugs (ARVs) for women 
living with HIV during pregnancy and breastfeeding (Option B)' or 'Lifelong antiretroviral therapy (ART) for all pregnant and 
breastfeeding women living with HIV (Option B+)', while de facto phasing out Option A. This study examined health 
outcomes and cost impact of the shift to WHO 2013 recommendations in Zambia. 

Methods: A decision analytic model was developed based on the national health system perspective. Estimated risk and 
number of cases of HIV transmission to infants and to serodiscordant partners, and proportions of HIV-infected pregnant 
women with CD4 count of <350 cells/mm^ to initiate ART were compared between 2010 Option A and the 2013 
recommendations. Total costs of prevention of mother-to-child transmission of HIV (PIVITCT) services per annual cohort of 
pregnant women, incremental cost-effectiveness ratio (ICER) per infection averted and quality-adjusted life-year (QALY) 
gained were examined. 

Results:Oux analysis suggested that the shift from 2010 Option A to the 2013 guidelines would result in a 33% reduction of 
the risk of HIV transmission among exposed infants. The risk of transmission to serodiscordant partners for a period of 24 
months would be reduced by 72% with 'ARVs during pregnancy and breastfeeding' and further reduced by 15% with 
'Lifelong ART'. The probability of HIV-infected pregnant women to initiate ART would increase by 80%. It was also suggested 
that while the shift would generate higher PIVITCT costs, it would be cost-saving in the long term as it spares future 
treatment costs by preventing infections in infants and partners. 

Conclusion: JUe shift to the WHO 2013 guidelines in Zambia would positively impact health of family and save future costs 
related to care and treatment. 
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Introduction 

Human Immunodeficiency Virus (HIV) can be transmitted 
from infected mothers to tlieir infants during pregnancy, labour, 
delivery, and breastfeeding period. Tlie risk of transmission is 1 5- 
30% in non-breastfed infants and 20-45% in breastfed infants [1]. 
Antiretroviral (ARV) prophylaxis could effectively reduce the 
transmission risk to less than 5% in breastfed infants and to less 
than 2% in non-breastfed infants [2]. Currently countries are 
moving towards the elimination of new paediatric HIV infections 
by 2015 [3]. It is estimated that a total of 260,000 children were 
infected with HTV in 2012, whereas 670,000 perinatal infections 
were prevented in low- and middle-income countries between 
2009 and 2012 [4]. 



The 2010 guidelines of the World Health Organization (WHO) 
for the prevention of mother-to-child transmission of HIV 
(PMTCT) recommended two options: Option A and Option B 
[2]. In Option A, zidovudine (ZDV) is provided to HIV-infected 
pregnant women during antepartum period followed by nevir- 
apine (NVP) prophylaxis for their infants during breastfeeding 
period. In Option B, maternal triple ARV prophylaxis is initiated 
during pregnancy and continued throughout breastfeeding period. 
In both options, above mentioned prophylaxis is provided to HIV- 
infected pregnant women with CD4 cell count of above 350 cells/ 
mm'^, whereas antiretroviral therapy (ART) is provided for those 
with CD4 ceU count of <350 cells/mml In April 2012, WHO 
issued a programmatic update which proposed a third option: 
Option B-I-, in which maternal triple ARV drugs are continued 
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throughout hfe regardless of CD4 count based on suggested 
clinical and programmatic advantages of adopting single regimen 
for all women [5] . Some countries have already begun the process 
of shifting to Option B or B+. In June 2013, WHO published new 
consolidated guidelines on the use of antiretroviral drugs for 
treating and preventing HIV infection, which now recommend 
either 'ARV drugs for women living with HIV during pregnancy 
and breastfeeding (2010 guidelines Option B)' or 'Lifelong ART 
for all pregnant and breastfeeding women living with HIV (2010 
guidelines Option B+)', while de facto phasing out Option A [6]. 

Provision of triple ARV drugs to HIV-infected pregnant women 
is important not only to prevent HIV transmission to their infants 
but also to extend prevention benefits to their HIV negative 
partners as well as to improve their own health. Possibility of 
increased risk of female-to-male HIV transmission during preg- 
nancy in the absence of treatment [7] and reduced risk of 
transmission among serodiscordant couples through the early 
initiation of ART [8] strongly support the need for ARVs for HIV- 
infected pregnant women. Reduced adverse pregnancy outcomes 
by extended antenatal use of triple ARV [9] further underpins the 
benefits of provision of ARV drugs. 

With an HIV prevalence among women aged 1 5 to 49 years of 
16.1%, Zambia is one of the 22 priority countries of the Global 
Plan to eliminate new HIV infection among children by 2015 
[3,10]. Zambia adopted Option A in 2010 and has been making 
effort to further expand PMTCT services. In 2011, 96.7% of 
pregnant women who attended antenatal care were tested for 
HIV, 74.9'/^) of HIV-infected pregnant women recei\ed ARV 
prophylaxis or ART based on Option A, and 35.8% of HIV- 
exposed infants received NVP prophylaxis [10]. Zambia has 
decided to shift from Option A to Option B-l- in January 2013 and 
started the development of an implementation plan. This policy 
shift was underpinned by the operational complexity of Option A, 
such as different regimens during pregnancy, labour, and 
postpartum period as well as dosage adjustments for HIV-exposed 
infants according to their body weights, and also by the expected 
added-benefit of Option B/B-l- including the initiation of ART for 
HIV positive women to improve their own health and the 
prevention of HIV transmission to potential HIV negative 
partners [11]. As of January- 2014, an official announcement of 
the transition to Option B+ has been made and its preparation is 
ongoing including the site assessment and update of the national 
PMTCT guidehnes. 

With the aim of estimating the expected impact of this shift, this 
study compared 2010 guidelines Option A and the 2013 guidelines 
(Option B and B+) with regards to the effectiveness in preventing 
transmission to infants as well as to serodiscordant partners, and 
initiating ART for HIV-infected women. It also examined the cost 
implications, especially with regards to cost-effectiveness of the 
2013 guidelines. 

Methods 

Model Overview 

We developed a decision analytic model based on the national 
health system perspective and compared expected health out- 
comes and costs of 2010 Option A and 2013 guidelines: ARVs 
during pregnancy and breastfeeding (Option B) and Lifelong ART 
(Option B+) (Figure 1). The model started with an annual cohort 
of HIV-infected pregnant women in Zambia. In the model, it was 
assumed that all HIV-infected pregnant women were diagnosed 
HIV positive for the first time during the current pregnancy. Then 
as per 2010 Option A, CD4 assessment was provided and its 
results guided initiation of ART or ARV (ZDV) prophylaxis for 



women. In this analysis, CD4 cell count of S350 cells/mm^ 
represented the priority eligibility criterion for initiating ART. It 
was assumed that for those who could not access CD4 test and/ or 

did not receive the results of the tests, ARV prophylaxis was 
provided. ARV prophylaxis for exposed infants was considered 
independendy regardless of their mothers' access to prophylaxis, 
since there had been cases of HIV-exposed infants identified for 
the first time after the delivery and started on prophylaxis. For 
ARVs during pregnancy and breastfeeding (Option B) and 
Lifelong ART (Option B+), triple ARV drugs were provided 
without CD4 assessment. We then estimated the probability of 
HIV transmission to exposed infants and to serodiscordant 
partners, and the probability of ART initiation for HIV-infected 
pregnant women with CD4 cell count ^350 cells/mm'' for each 
option. TreeAge Pro 2012 (TreeAge Software, Inc.) was used for 
the development of the decision tree and the analysis. 

Model Inputs 

Model inputs used in this study are shown in Table 1. 
Probabilities of perinatal HIV transmission to infants were based 
on the estimates by UNAIDS reference group on estimates, 
modelling and projections [12]. Probabilities of transmission to 
serodiscordant partners were estimated based on available 
evidence including HPTN 052 study [8,13,14,15,16]. We assumed 
that maternal ARV prophylaxis for 20 1 0 Option A did not reduce 
the risk of HIV transmission to serodiscordant partners. CD4 ceil 
count distribution of HIV-infected pregnant women was based on 
the study by Carter and others [17]. Discordance rate (i.e. HIV 
positive female aged 15-49 with HIV negative partner) was 
estimated at ?i6.S"/o based on the national data [18]. It was 
assumed that HIV-infected pregnant women initiated ARV 
prophylaxis or ART from the 14th week of pregnancy and 
HIV-exposed infants were breastfed until 12 months of age. The 
time horizon for the analysis was from the first antenatal care to 18 
months after delivery. In addition, a time horizon of 10 years was 
also applied when the long-term cost implication of treatment for 
infected children and serodiscordant partners was examined. 
Demographic data and programme inputs for PMTCT were 
based on the UN data, Zambia national report 2012, and field 
level data collected by the Zambia Ministry of Health - Japan 
International Cooperation Agency scaling up of quality HIV/ 
AIDS care service management project (SHIMA) in collaboration 
with National Center for Global Health and Medicine (NCGM) 
[10,19]. 

Cost Inputs 

Costs of PMTCT services and HIV treatment were estimated 
using the Costing Tool for Elimination Initiatives (CTEI) 
developed by NCGM in collaboration with Asia-Pacific United 
Nations Task Force for the Prevention of Parents-to-ChUd 

Transmission of HIV and Pan American Health Organization, 
which estimates the costs and health outcomes of PMTCT 
interventions [20]. Costs of ARVs and laboratory tests including 
rapid HIV test were estimated based on the WHO Global Price 
Reporting Mechanism as well as on the Clinton Health Access 
Initiative (CHAI) price list [21,22,23]. Costs of health services 
were derived from the WHO Choosing Interventions that are Cost 
Effective (WHO-CHOICE) [24]. All costs were discounted at 3% 
annually. Costs of PMTCT included HIV testing for both 
pregnant women and their partners, ARVs, other necessary 
laboratory tests, and health care services. Treatment cost included 
the first line ARVs, laboratory monitoring, and health care 
services for out-patient clinic. 
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Figure 1. Model overview. 
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Main Outcomes 

Main outcomes of this study are divided into two categories, 
namely health related outcomes and cost related outcomes. In 
health related outcomes, expected risks and number of HIV 

transmission to infants at the age of 18 months, HIV transmission 
to serodiscordant partners, and ART initiation of HIV-infected 
pregnant women with CD4 cell count of ^350 cells/mm'^ were 
examined and compared among 2010 Option A, ARVs during 
pregnancy and breastfeeding (Option B), and Lifelong ART 
(Option B+). Estimated probabilities of transmission to infants and 
serodiscordant partners and ART initiation by the model were 
entered into the CTEI, which provided the estimated number of 
infections par annual cohort of pregnant women in Zambia. 

As for cost related outcomes, total costs of PMTCT services per 
annual cohort of pregnant women in the country as well as future 
treatment costs as a result of HIV transmission to infants and 
serodiscordant partners over a period of ten years were examined 
and compared among difiFerent options. Incremental cost-elfec- 
tiveness ratio (ICER) with regards to infant and partner infections 
averted and quality-adjusted life-year (QALY) gained were 
calculated. In this study we applied 16.88 QALYs gained per 
infant infection averted [25] and 5.83 QALYs gained per partner 
infection averted [26] based on the past study. 

Analysis 

First, base-case analysis was conducted, in which we examined 
outcomes of each options under the current health service 
coverage and utilization in Zambia. Then we performed sensitivity 
analysis on key parameters in order to examine the robustness of 
our findings. Parameters including at:t:ess and utilization of health 
services, discordance rate, and HIV prevalence were varied 
enhancing their possible range as well as the changes in the future 
(e.g. improvement in service coverage and reduction of HIV 
prevalence). 

Cost-eflFectiveness analysis was conducted, in which cost per 
infection averted and ICER per QALY gained were calculated. 
Based on the WHO's guidance, we defined that ICER below the 
annual gross domestic product (GDP) per capita in the country as 
very cost-effective, and below the three times of GDP per capita as 
cost-effective [27]. 



Results 

Base-case Analysis 

The results of base-case analysis for health related outcomes on 
HIV transmission are presented in Figure 2. With current 
PMTCT services coverage and assuming 12 months of breastfeed- 
ing, the estimated probability of perinatal HIV infection was 0.15 
for 2010 Option A and 0.10 for ARVs during pregnancy and 
breastfeeding (Option B) and Lifelong ART (Option B-I-). These 
rates applied to the annusd cohort of 600,000 pregnant women 
with HIV prevalence of 16. 1 % (i.e. 96,600 HIV-infected pregnant 
women) would result in a total of 14,490 new infections among 
exposed infants when applying 2010 Option A and 9,660 
infections in the case of 2013 guidelines (Option B and B+). This 
indicates that the transmission risk for HIV exposed infants will be 
further reduced by 33% through shifting from 2010 Option A to 
2013 guidelines within the current service coverage. 

With respect to HIV transmission to serodiscordant partners, 
the estimated probability of infection was 0.092 for 2010 Option 

A, 0.026 for Option B, and 0.022 for Option B+ over a period of 
24 months (i.e. from enrolment to PMTCT services to 18 months 
postnatal). This equals to a total of 3,270 new infections among 
serodiscordant partners per annual cohort of 600,000 pregnant 
women for Option A, 924 infections for Option B, and 782 
infections for Option B+. That would represent a 72% reduction 
in the risk of transmission to serodiscordant partners following a 
shift from Option A to Option B, while a further reduction of 15% 
could be expected when shifting from Option B to Option B-I-. 

Probability of ART initiation for HIV-infected pregnant women 
with CD4 cell count of <350 cells/mm'' was 0.172 for 2010 
Option A and 0.867 for 2013 guidelines with the current level of 
service access and utilization (Figure 3). As a result, more than 
80% of women with CD4 cell count of S350 cells/ mm^ would fail 
to timely initiate ART within the Option A scenario, whereas the 
proportion would drop to 1 3% when applying the 20 1 3 guidelines. 

Table 2 shows the results of base-case analysis on cost related 
outcomes. The total cost of PMTCT services from enrolment to 
18 months postnatal at current levels of access and utilization of 
PMTCT services was 16,251,561 USD for Option A per annual 
cohort of 600,000 pregnant women, 23,415,954 USD for Option 

B, and 28,884,860 USD for Option B+. Cost per infant infection 
averted for Option A was 1,034 USD, 1,140 USD for Option B, 
and 1,406 USD for Option B-I-. When prevention of partner 
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Table la. Model Inputs (health) 


Input 


Value 


Source (reference) 


Epidemiological parameters 


Annual number of births 


600,000 


19 


HIV prevalence (women aged 15-49} 


16.1% 


10 


Discordance rate (HIV+ women aged 15-49 with HIV— partners} 


36.8% 


18 


CD4 cell count distribution 


<350 


45.4% 


17 


>350 


54.6% 




Perinatal HIV transmission 


Peripartum period 


No prophylaxis CD4O50 


27-37% 


12 


No prophylaxis CD4>350 


15% 




Option A/B 


2% 




ART 


2% 




Postnatal period 


(per month of breastfeeding) 




No prophylaxis CD4<350 


1.57% 




No prophylaxis CD4>350 


0.51% 




Option A/B 


0.2% 




HIV transmission to serodlscordant partner (per 100 person-year) 


No ART CD4<350 


9.2 


8, 13-16 


No ART CD4>350 


1.7 




On ART CD4<350 


0.7 




On ART CD4>350 


0.1 




Health services 


Antenatal care attendance (at least once) 


91.6% 


1 0 & field data 


HIV test among ANC attendees 


96.7% 




Access to CD4 test 


60.0% 




Received CD4 result 


61.0% 




Initiation of maternal ARV prophylaxis 


74.9% 




Initiation of maternal ART 


47.0% 




Initiation of infant NVP prophylaxis 


35.8% 




Quality-adjusted life years (QALYs) 


QALYs gained per infant infection averted 


16.88 


25 


QALYs gained per partner Infection averted 


5.83 


26 


Table lb. Model inputs (cost) 


Input 


Value 


Source (reference) 


ARV prophylaxis 


USD 




2010 Option A 




estimated based on 


Maternal ARV per course 


47.6 


20-23 


Infant ARV for 12months 


9.5 




ARVs during pregnancy and breastfeeding 


Maternal 3ARVs per course 


260 




Infant ARV for 6weeks 


1.9 




ART 


continue 12months postnatal 


260 




continue ISmonths postnatal 


345 




Laboratory test 


HIV rapid test 1 
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Table lb. Model inputs (cost) 


Input 


Value 


Source (reference) 


CD4 


5 




DNA PCR 


10 




Viral load 


28 




Health services (clinic visit) 


Health centre (per visit) 


3.05 


24 


District hospital (per visit) 


3.48 




Treatment for 10 years (drugs+laboratory monitoring+clinic visit) 


20-24 




Child 


1864 




Adult (TDF/FTC/EFV) 


2370 
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infections was also included, the cost per infection averted was 
reduced to 1,023 USD for Option B and 1,254 USD for Option 
B+. The incremental cost-effectiveness ratio (ICER) per QALY 
gained by averting infant infection was 88 USD for Option B and 
155 USD for Option B+; the incremental cost per QALY gained 
for both infant and partner was 75 USD for Option B and 132 
USD for Option B+. As these were well below the annual GDP 
per capita of 1,469 USD in Zambia in 2012 [28], Option B and 
B+ were found very cost-effective, and more so when partner 
infections were taken into account. 



We estimated treatment costs over a period of 10 years for 
infected children and partners and examined the long term impact 
of averted infections on overall costs: costs of PMTCT services and 
future treatment costs as a result of HIV transmission (Figure 4). 
As Option B is estimated to avert an additional 4,830 infant 
infections and 2,346 infections among serodiscordant couples 
compared to Option A, it would cost 7,397,022 USD less than 
Option A due to the reduction of future treatment costs. Option 
B+ is estimated to avert 2,488 additional infections among 
partners and it would cost 2,265,119 USD less compared to 
Option A. Then ICERs per QALY gained based on total costs of 
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Figure 2. Health outcomes - HIV infections among exposed infants and serodiscordant partners. 
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Figure 3. ART initiation of HIV-infected pregnant women witKi CD4 cell count of <350 cells/mm 
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PMTCT programme and future treatment costs were calculated 
(Table 2). The 2013 guidelines, both Option B and B+ were 
dominant compared to Option A. 

Sensitivity Analysis 

Key parameters, including access and utilization of health 
services, discordance rate, and HIV prevalence were varied and 
their impact was examined (Table 3). 

Access and utilization of health services. Probability of 
access to CD4 test, receipt of its result, initiation of maternal ARV 
prophylaxis, initiation of ART for women with CD4 cell count of 
£350 cells/mm', and initiation of infant NVP prophylaxis were 
increased to 0.9 (i.e. Best-case) and entered into the model. The 
differences in outcomes among the options were reduced, 
especially in terms of infant infection and ART initiation of 
women with CD4 cell count of ^350 cells/mm'. The probability 
of transmission to infant was 0.07 for Option A and 0.06 for 2013 
guidelines. The estimated number of infant infection decreased in 
all options, with a total of 6,762 infections expected for Option A 
and 5,796 infections for 2013 guidelines. The risk and number of 
infections to discordant partners also decreased, with 1,564 
infections (probability 0.044) expected for Option A, 462 infections 
(probability 0.013) for Option B, and 320 infections (probability 
0.009) for Option B+. Number of women initiating ART increased 
to 31,975 (72.9% of aU women with CD4 cell count of <350 ceUs/ 
mm^) for Option A and to 43,422 (99%) for 2013 guidelines. 
Although ICER per QALY gained increased to 185 USD for 



Option B and 443 for Option B+, they still remained very cost- 
effective (i.e. well below the annual GDP per capita). 

Discordance rate. We varied the ratio of HIV-infected 
pregnant women with seronegative partners and examined its 
impact on outcomes. It was found that the higher the discordance 
rate, the more cost-effective the outcomes. For example, the 
number of expected infections among discordant partners was 
ranging between 444 to 3,555 for Option A, 126 to 1,005 for 
Option B, and 106 to 850 for Option B+. In all scenarios. Option 
B was dominant compared to Option A. Option B+ was dominant 
with discordance rate of 40% and very cost-effective with 
discordance rate of 5 % . When Option B and B+ were compared, 
ICER per QALY gained ranged between 5,645 to 45,497 USD. 

HIV prevalence. HIV prevalence among pregnant women 
was varied between 1 % and 20% in order to see the implication of 
future declines in HIV prevalence among women. The number of 
expected infant infections ranged between 900 and 18,000 for 
Option A and between 600 and 12,000 for the 2013 guidelines. 
The expected number of infection among partners ranged 
between 203 and 4,063 for Option A, 57 and 1,148 for Option 
B, and 49 and 972 for Option B+. The 2013 guidelines were 
dominant compared to Option A and remained so across different 
prevalence rates even with a low HIV prevalence of 1%. When 
Option B+ was compared to Option B, the ICER ranged between 
6,214 to 6,877 USD, which was 4.2 to 4.7 times of the annual 
GDP per capita. 

Treatment costs for infected infants and partners. We 
also conducted break-even analysis varying the cost of treatment in 
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Table 2. Cost related outcomes - Base-case analysis. 









2010 guidelines 


2013 guidelines 






Option A 


Option B 


Option B+ 


Costs (USD) 


Costs of PMTCT programme^ 


16,251,561 


23,415,954 


28,884,860 


10 years treatment costs 


Infected children 


27,002,616 


18,001,744 


18,001,744 


Infected partners 


7,751,060 


2,190,517 


1,853,514 


Total costs 


51,005,237 


43,608,215 


48,740,118 


Number of infections 


Infants 


14,490 


9,660 


9,660 


Partners 


3,270 


924 


782 


Total 


1 7,760 


10,584 


1 0,442 


Cost per infection averted^ (USD) 


Infant infection only 


1,034 


1,140 


1,406 


Infant and partner infection 


1,034 


1,023 


1,254 


QALYs gained (compared to Option A) 


Infants 




81,530 


81,530 


Partners 




13,677 


14,505 


Total 




95,208 


96,035 


ICER per QALY gained (USD) 


Based on costs of PMTCT programme 


Infant infection only 




88 


155 


Infant and partner infections 




75 


132 


Based on costs of PMTCT programme+future treatment costs 


Infant infection only 




Dominant 


Dominant 


Infant and partner infections 




Dominant 


Dominant 



^For a period of 24 months (from 14 weeks of pregnancy to 18 months after delivery) per annual cohort of 600,000 pregnant women. 
"^Based on the costs of PMTCT programme. 
doi:l 0.1 371 /journal.pone.0090991 .t002 



order to identify break-even points of treatment costs for infected 
children and partners against costs of PMTCT services (i.e. 
Incremental costs of PMTCT services =10 years costs of 
treatment for infants and partners averted by PMTCT). For this 
analysis we assumed the same treatment costs for both adult and 
chUdren. Break-even point was 998 USD for Option B against 
Option A and 1,726 USD for Option B-l- against Option A. In 
other words, Option B will be cost-saving if the cost of treatment 
for 10 years is more than 998 USD per patient; Option B-l- wiU be 
cost-saving if the treatment cost for 10 years is more than 1,726 
USD. 

Discussion 

This study examined health outcomes and cost impact of the 
shift to WHO 2013 recommendations in the context of Zambia. It 
examined the differences between WHO 2010 guidelines Option 
A and new WHO 20 1 3 guidelines in terms of their effectiveness in 
preventing HIV transmission to infants and to serodiscordant 
partners and initiating ART for HIV-infected women with CD4 
cell count of ^350 ceUs/mm . 

Similar studies conducted in the past examined the cost- 
eflFectiveness of Option A and Option B with regards to the health 
outcomes of exposed children. Some have also examined Option 
B-l- as well as maternal health outcomes. Studies conducted in 



Tanzania, Malawi, and Nigeria have examined the cost-effective- 
ness of highly active antiretroviral therapy (HAART) for PMTCT 
compared to no intervention and/ or previous guidelines including 
single dose NVP, and concluded that HAART was a cost-effective 
intervention in resource-limited settings [29,30,31]. Recent studies 
conducted in Uganda, Rwanda, Zimbabwe, Malawi, and South 
Africa examined the cost-effectiveness of WHO 2010 guidelines 
with regards to health outcomes in exposed infants, while some 
also examined the health outcomes of mothers, and their results 
supported the shift from their current practices to Option B/B-l- 
[32,33,34,35,36]. 

To our knowledge, this is the first study to examine the new 
WHO 2013 guidelines and the expanded impact of PMTCT 
interventions on preventing HIV infection in serodiscordant 
partners. We would like to highlight four main findings from this 
study, which not only support the conclusions of previous studies, 
but also provide additional evidence of the benefit of new WHO 
2013 guidelines. 

First of all, our study showed that the 2013 guidelines improve 
health outcomes of exposed infants, HIV infected pregnant 
women, and serodiscordant partners compared to WHO 2010 
guidelines Option A. Our analysis indicated that the transmission 
risk for HIV exposed infants could be further reduced by 33% 
through shifting from 2010 Option A to 2013 guidelines with 
current service coverage. One of the main factors for this 
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Figure 4. PMTCT costs and future treatment costs of infected infants and partners for 10 years (USD). 
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reduction would be the increased access to ART among HIV- 
infected pregnant women with CD4 cell count of £350 cells/ mm'^ 
by removing the barrier of CD4 testing as a pre-requisite for ART 
initiation. Another factor in favour of the 2013 guidelines would be 
the higher maternal ARV prophylaxis coverage achieved during 
the breastfeeding period compared to 2010 Option A. Field 
experiences of the implementation of 2010 Option A in rural areas 
in Zambia have shown several challenges with the infant NVP 
prophylaxis in exposed infants, including dosage adjustment and 
retention of exposed infants to PMTCT services [37]. A modelling 
study has also indicated the higher risk of postnatal HIV 
transmission of 2010 Option A compared to Option B at the 
field level [38]. These findings document that the provision of 
ARVs to mothers rather than infants is more feasible and it could 
improve adherence to drugs during breastfeeding period thus 
resulting in reduced risk of transmission. Furthermore, when we 
take into account the impact on subsequent pregnancies among 
HIV-infected women who are already on ART, the transmission 
risk would be reduced further and the risk difference between 2010 
Option A and 20 1 3 guidelines could grow wider. 

The shift from Option A to Option B would result in a 72% 
reduction in the risk of transmission to serodiscordant partners. 
This large scale reduction represents a strong benefit expected 
from 2013 guidelines. Provision of ART for all pregnant women 
living with HIV offers additional advantages in settings of high 
HIV prevalence where coverage of HIV testing among partners is 
low. In fact, our study shows that the shift from Option B to 
Option B+, which adds another 6 months of ART for women 
living with HIV in our model, will result in a further 15% 
reduction of transmission risk. When a longer period of time was 



considered, the model suggested further reduction of the risk of 
transmission to serodiscordant partners in Option B+. 

PMTCT services have been recognized as an important entry 
point to HIV care and treatment services for women living with 
HIV. However, because of several bottie necks in the service 
delivery system mainly related to CD4 testing including access to 
services and return of results, only a limited proportion of women 
actually initiate treatment [39] . Our study showed that this missed 
opportunity for HIV-infected pregnant women with CD4 cell 
count of ^350 ceUs/mm" would be significantly reduced by 
shifting from 2010 Option A to 2013 guidelines. 

Second, 2013 guidelines are very cost-effective compared to 
Option A and also save costs related to future care and treatment 
needs. With regard to the PMTCT programme costs, when 
prevention of partner infections was taken into account in addition 
to infant infections, the cost-efiFectiveness of 2013 guidelines further 
improved. When we consider the future costs of the treatment of 
infected infants and partners over a period of 10 years, the 2013 
guidelines were found to be cost-saving compared to Option A, in 
which Option B would save 7.4 million USD and Option B+ 
would save 2.3 million USD compared to Option A per annual 
cohort of pregnant women. It should be noted that the estimated 
cost-savings in this study may be conservative as we only applied 
the minimum cost of ARV treatment and not the costs of 
opportunistic infections and hospitalizations. Therefore, the 
savings could be higher if these costs were also considered. 

Third, the cost-effectiveness of the 2013 guidelines is robust 
even in a scenario of low HIV prevalence. Our sensitivity analysis 
showed that even with the HIV prevalence of 1 % , Option B and 
B+ remained cost-effective. This finding has an implication not 
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only for the reduced prevalence for the future, but also for the 
other areas and countries with low HIV prevalence and support 
the shift to the 2013 guidelines in such settings. 

Forth, Option B+ is found less cost-eflFective compared to 
Option B in our model. The ICER of Option B+ compared to 
Option B was above the three times of the annual GDP per capita, 
and remained so in the sensitivity analysis. Main reason for this 
may be the time horizon for this analysis. As we have assumed 12 
months of breastfeeding and estimated the health impact of each 
option at 18 months after delivery, the difference of the period of 
ART for HIV-infected women between Option B and B+ was 6 
months only, which may resulted in a relatively limited impact on 
reducing HIV transmission to serodiscordant partners. Moreover, 
while we estimated QALYs gained for both infants and partners in 
our model, if maternal health gains were also included, the cost- 
effectiveness of Option B+ would be further improved as shown in 
the studies in Malawi and Zimbabwe [34,35] . 

In summary, our findings favour the WHO 2013 guidelines and 
support the shift from 2010 Option A to Option B and Option B+ 
in Zambia. The benefit of lifelong ART or 3ARVs given to HIV- 
infected pregnant and breastfeeding women is demonstrated in 
this study, in which impact is not only limited to prevention of 
infant infection, but also extended to the prevention of transmis- 
sion to serodiscordant partners as well as ART initiation for 
women. 

Field implementation of the 2013 guidelines would require an 
initial investment in PMTCT services as well as strengthened 
health syst(^m, especially in remote areas [6,1 1,40]. For example, it 
is necessary to increase the number of health facilities those are 
able to provide ART or 3ARVs which has been provided only at 
large health facilities in the past. Capacity building of healthcare 
workers working for maternal and child health care services who 
are not familiar with providing ART is needed, which require 
trainings and regular supervisions. Supply management .system 
needs to be strengthened to provide ARVs, test kits, and other 
materials to each health centre which provides PMTCT and ART 
services. Adherence and retention to ART is another important 
issue, where strong linkages and/or integration of maternal and 
child health services and HIV services as well as enhanced care 
and support for patients need to be ensured. ARV toxicity and 
possible development of drug resistance are other areas of concern 
and should be closely monitored through an enhanced sur\cillaiice 
system and pharmacovigilance programme. The early experiences 
of Option B+ implementation in Malawi have demonstrated some 
of these challenges [41]. It is possible that inadequate investment 
and preparations together with weak health system may hamper 
the expected impact of the 2013 guidelines. As many countries are 
now shifting to the 2013 guidelines, there is a need to closely 
monitor and evaluate the implementation of Option B and B+. 

This study has several limitations. First, we may have 
underestimated the impact of 2010 Option A in terms of 
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Conclusion 

Our findings support the shift to new WHO 2013 guidelines in 
Zambia, as they would improve health of family through 
preventing HIV transmission to infants, enhancing health of 
mothers, and preventing transmission of HIV infection to 
serodiscordant partners and save future costs related to care and 
treatment. 
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